This new discovery in Hanover makes it clear that Michael Hoskin and Brian Warner, in their article in the Journal for the History of Astronomy (12 (1981) , no. 1) did not identify correctly the instruments of which they published sketches (figures 1-3). In brief, Hoskin and Warner argued that figure 1 was a sketch of Caroline's small comet sweeper, that figure 2 showed Caroline's 5 ft sweeper, and that W. H. Smyth's captions were simply wrong. The evidence from Hanover shows that figures 2 and 3 are Caroline's 'small Newtonian Sweeper', which she was using in 1785 as Smyth says, and with which Caroline Herschel must have found what Fanny Burney called 'the first lady's comet' on 2 August 1786(1).* The first instrument William gave her as soon as they were settled in Datchet:
I found I was to be trained as assistant-astronomer, and by way of encouragement a Telescope adapted for 'sweeping', consisting of a Tube with two glasses such as are commonly used in a 'finder', was given to me. I was to 'sweep for comets ' and I see by my journal that I began on August 22nd 1782 to write down and describe all remarkable appearances I saw in my 'sweeps', which were horizontal. (2) Caroline blamed not the instrument but her own lack of knowledge of the heavens, her lack of enthusiasm for spending the night on damp grass and her brother's demands on her for the fact that by the end of 1783 she had only marked 14 observations^). Among these, in February 1783, she observed the Andromeda Nebula and, in August and September 1783, two more nebulae that are included in her brother's ' Catalogue of one Thousand New Nebulae and Clusters of Stars a paper that he presented to the Royal Society on 27 April 1786, and in which he attributed these observations to her. But perhaps, as it could make only horizontal sweeps, it is not surprising that this first instrument did not prove entirely satisfactory or that hence no recognizable trace of it remains.
On 8 July 1783 she writes: 'I began to use the new Newtonian small sweeper'. This was the second instrument made for her by her brother and is the chief subject of this article. Caroline, writing to the Secretary of the Royal Society to report the sighting of her first comet on 2 August 1786, said: 'These observations were made with a Newtonian sweeper of 27 inch focal length and a power of about 20; the field of view is about 2°i2//'(4). William describes it as 'An excellent small Newtonian Sweeper of 27 inch focal length '(5). In a later paper for the Royal Society in 1800 he describes the instrument in more detail: a Newtonian reflector, of 2 feet focal length; and with an aperture of 4.2 inches, has only a magnifying power of 24, and a field of view 2° 12". Its distinctness is so perfect, that it will shew letters at a moderate distance with a magnifying power of 20, and its movements are so convenient that the eye remains at rest while the instrument makes a sweep from the horizon to the zenith. (6) Although the focal length is given variously as 2 feet and 27 inches, for the following reasons it seems likely that these descriptions apply to the I4I same instrument, and moreover to the instrument illustrated in figures 2 and 3. In the first place figure 3 was drawn by Sir John Herschel himself in a letter to W. H. Smyth, written on 21 November 1843 (7) . Secondly there is evidence in Caroline's memoirs that her small Newtonian sweeper was an instrument that was used sitting dow n; on 4 January 1794 she writes: 'Finding myself unable to bear the fatigue o f standing, I took the small sweeper, which was in good order and shewed objects very w ell' (8) .
The use o f ' th e' implies that she did not have more than one. True she uses both the words 'small' and 'little', but perhaps it is relevant that there is only one word for both in German. There is also the evidence of Georg Forster. Describing in his diary his visit with Alexander von Humboldt to the Herschels in 1790, he wrote that he was shown ' a really small three legged telescope with which Miss Herschel recently discovered the com et; it is easily portable; she carries it roundabout with her on the ground in the garden and calls it her " little sweeper" because with it she " sweeps" the heavens' (9) . There is also a clue in Caroline's letter to Alexander Aubert o f 18 April 1790 in which she says that she has broken the handle of the perpendicular motion of her telescope(10), i.e. in April 1790 she must have been using an instrument constructed similarly to that in figures 2 and 3.
This instrument is not lost, or not totally. Its optical parts are in the Historical Museum in Hanover. Item VM 32 305 a-f consists of a small wooden box containing a mirror, 2 lenses, some cord and the instructions for its use and mounting. The identification is certain for the following reasons:
(1) The instrument was presented to the Museum by Oberlandforstmeister Wilhelm Hausmann (1889-1971), the great-grandson of Direktor Ulrich Friedrich Hausmann (1776-1847) to whom Caroline records she gave it in October 1839. In her Day Book on 24 October 1839 she wrote: 'Mr. Hausmann came in the forenoon and took the box with the mirror of my sweeper with him, and in the evening he came to receive the stand. I am glad my poor sweeper is now in good hands! '(11) (2) In the box is a large sheet of paper containing a description of the instrument and full instructions for its use, all in Caroline's unmistakable hand. These are printed below.
(3) The objects in the box, and Caroline's description of them, tally closely with the contemporary accounts quoted earlier as regards magnifying power, field of view and aperture. (The mirror measures 4 inches in diameter, so the aperture would have been approximately 4.2 inches.) This discovery in Hanover makes it possible to re-assess the conclusions of Michael Hoskin and Brian Warner's article, which wrongly identifies figure 1 as the 27 inch instrument with which Caroline observed until 1790, and figure 2 as the 5 ft instrument with which she observed her later four comets.
The sketches (figures 2 and 3) cannot be of her 5 ft instrument for three reasons. Firstly, because they are reproduced to the scale of the originals, figure 2 cannot represent an instrument twice the size of the first. Secondly, they show the ' small sweeper ' mounted on a little stool. We know from the entry in Caroline's memoirs on 4 January 1794, quoted above, that her last instrument was used standing, not perhaps surprisingly because it was 5 ft long and she was an unusually small woman. Dr Maskelyne, in his letter to Mr Pigott on 6 December, quoted below, describes the new improved sweeper as ' mounted on an upright axis '. Final proof of the inaccuracy of the attribution is to be found in the instructions for mounting and using the instrument in Hanover, given in full at the end of this article, part of which runs: ' When the observer is seated on a chair looking into the telescope, the right hand may give the perpendicular motion to the telescope'. Although the diagram in figure 3 , drawn by John Herschel, is somewhat clearer than figure 2, neither is easily understood. When looked at, however, with the instruc tions now found, the construction of her instrument is unmistakable. When Smyth wrote 'improved' he could have perhaps meant that it was an improvement over her first instrument, which she was given as soon as the family moved to Datchet. Could figure 1 be that instrument ? Smyth drew the sketch and sent it to Sir John Herschel with the words: ' I am about to have a small illustration cut of the sweeper whose stand you shewed me in a corner of the grounds at Slough, and my sketch-only made as a reminder-is so slight, that I am induced to ask for your revision'(13). Sir John replied that the stand seemed to him particularly wrong and drew figure 3. Smyth apologized: ' Where could I have got that rickety sketch? I found it among my papers, and had a notion that I had seen something resembling it in the corner of your lawn.'(14) One cannot help noticing its resemblance to a contemporary music stand, from which Herschel may have adapted it. It appears to be very much as the earliest instrument was described, a tube with two lenses, and using it would certainly result in damp feet, tired legs and imperfect observations. It would be in keeping with William Herschel's practice of making continual adaptations and improvements in his instruments and their mountings if he had made his sister a better, more convenient and more reliable instrument after she had shown a certain talent with her primitive telescope.
Here one should notice that although she refers to her 'Newtonian' sweeper, the instrument is revealed, by the discovery in Hanover of the optical parts of her sweeper, not to be Newtonian in the current sense of that word. Had she been describing it in this century she would have said 'my small Herschellian sweeper'. She used Newtonian to mean that the image was reflected rather than refracted with, incidentally, two reflectors. Herschel's improvement was to do away with the second mirror, allowing the incident light to be reflected from the speculum directly on to the eyepiece without further loss of brightness.
We now return to Caroline Herschel's 'new improved' and larger sweeper. What do we know of it? In April 1790 it was 'not half finished'. In September 1790 she wrote to M. de la Lande: 'An excellent Newtonian sweeper of five feet focal length is nearly completed (15)* Clearly, up to this point she was still dependent upon the old. The first record of her completed new sweeper is in a description from Dr Maskelyne in a letter to Edward Pigott, written on 6 December
1793:
Miss Herschel showed me her 5 ft Newtonian telescope made for her by her brother for sweeping the heavens. It has an aperture of 9 inches but magnifies only from 25-30 times and takes in a field of i° 49' being designed to shew objects very bright for the better discovering of any comets. It is mounted on an upright axis or spindle and turns around by only pushing or pulling the telescope. It is moved easily in altitude by strings in the manner Newtonian telescopes have been used formerly. (16) First record of its use is in a letter to Sir Joseph Banks on 8 November 1795, reporting the sighting of her seventh comet: 'Last night, in sweeping over a part of the heavens with my five-foot reflector, I met with a telescopic comet'(17). William describes the new sweeper that he made her as: ' A large one of the same construction with an aperture of 9,2 inches and a focal length of 5 ft 3 in '(18). We are looking for an instrument used standing, not finished in 1790, 5 ft or 5 ft 3 in focal length. Clearly neither of those illustrated above. Now that the small 2 ft (or 27 inch) little sweeper has been identified in picture and in place, we should perhaps re-examine the fate of the 5 ft. Was this the instrument Caroline had in her room in Hanover? Writing to her nephew on 11 August 1823, Caroline Herschel writes: 'I am amusing myself with having the 7 ft mounted by Hohenbaum, it shall stand in my room and be my monument-as the 40 ft is yours '(19). Alexander v. Humboldt describes a visit he paid to Caroline on 24 September 1837: ' Miss Herschel has had put together for the nephew as a present on his homecoming a 7 foot telescope for which all the optical parts were made by her brother'(20). On 5 October 1839 Caroline Herschel records in her diary: ' Mr Hohenbaum and the carpenter were with me to pack up the seven-ft telescope. ' On 3 August Caroline wrote to Lady Herschel: 'If my nephew thought the seven-foot telescope worth the acceptance of the Royal Astronomical Society it is well (its only being painted deal was because it should look like the one with which the Georgium Sidus was discovered)'.(21) Clearly the telescope in Hanover with Caroline Herschel, later presented to the Royal Astronomical Society, was not the instrument with which she found her later comets but one she kept in memory of her adored brother, and identical in appearance to the one used by William when first sighting the planet Uranus. It is, therefore, perhaps of interest to quote here the description of that instrument as it appears in the catalogue of the Science Museum, where it now stands:
The deal tube and the stand are painted black. The wooden stand is of the form designed before 1778 by Sir William Herschel and the telescope tube is octagonal, with the portion at the lower end hinged so as to allow the mirror to be placed in position or taken out. The adjustment for altitude and a small movement in azimuth is effected by rack work and pulleys attached to the frame. The mirror of speculum metal is 6^" in diameter, with a focal length of 7 ft. A small finder is fixed to the upper end o f the tube.
To return to the fate of the 5 ft, Hoskin and Warner were the first to discover that John Herschel made use of the 5 ft at the Cape. In the article quoted above a letter is quoted from John Herschel to H. C. Schumacher, dated 1834, saying that he (John) was using a very portable reflector of 5 ft focal length with a 9 in diameter mirror, which had previously been used by his aunt, to make himself familiar with the southern sky. It was perhaps thinking of it in comparison with the size of telescopes he was accustomed to use that he referred to it as 'my aunt's little sweeper'. In his diary on 12 February he notes: 'Adapted the prism reflector of Fraunhofer to the 5 feet Newtonian which produced a very great increase of light and is every way a capital improvement.' (22) This instrument was undoubtedly Caroline's later improved comet sweeper.
We must conclude that Caroline's telescope, which John took to the Cape to familiarize himself with the sky on his first arrival, was probably taken from Slough because Caroline only records having the 7 ft detailed above. What happened to it? It is only in the one letter to H. C. Schumacher(23) that any mention is made by Sir John Herschel of using this instrument, and curiously he does not tell his aunt that he has used it. In his description of his observations at the Cape he only mentions using:
A Reflecting Telescope of 18'j" aperture 20 ft focus An equatorially mounted achromatic telescope 5" aperture 7 ft focal length by Tulley Such other astronomical apparatus as I possessed (24) My conclusions are that figures 2 and 3 represent Caroline Herschel's 'small Newtonian sweeper', the optical parts of which are now in the care of the Historical Museum in Hanover; that her last telescope, of which the first recorded use was in 1793 and which is clearly described by Dr Maskelyne, remains to be located; that figure 1 may have portrayed Caroline's 'tube with two glasses' or may have illustrated an experimental mounting of the ' little sweeper '; and that the telescope at present on view at the Science Museum is a replica of the one with which the planet Uranus was discovered, and which stood in Caroline Herschel's room in Hanover from 1823-39. We can probably also say that any telescope that is not made of painted deal is not the one with which William Herschel made his great discovery.
Enclosed in the box with the optical parts of the telescope in the Historical Museum in Hanover is a large sheet of paper written in Caroline Herschel's hand as follows (spelling, punctuation, etc., as in original):
To SWEEP FOR OR TO SEEK COMETS
1. Look over with the naked eye every star of the 1st, 2nd, 3rd and 4th magnitude before you begin to observe with the telescope. In looking them over begin with the Sun as a Center and take every constellation round it at an equal distance that is visible. 2. Begin with the telescope in the same manner taking the Constellation round the Sun as a Center and begin with those that set first. 4. Some Cord for new stringing the perpendicular motion, if at any time it should be required; expressly made for this purpose of the best Hemp and should not be thicker, else the pulleys will not act properly. NB The fastening the one end; and lapping the other on the barrel should be attended to in renewing the stringing. 5. Description of the Sweeper with direction how to put in the Mirror and prepare the telescope for observing.
T h e t e l e s c o p e is m o u n t e d i n t h e f o l l o w in g m a n n e r
On a triangular stand is fixed a circular board, 19 inches in diameter, through the centre of which goes a pole, on which is hung by means of 2 iron loops a board 31 inches high and 23 broad, having 2 brass rollers fixed at the bottom, which rolling on the circular board, according to the motion given by the left hand (to the perpendicular board) the telescope is brought into any required horizontal direction. The Tube is fastened by a hinge to a Bracket which is fixed on the left side of the perpendicular board leaning against it, and a cord is led over a pulley (which is fastened at the lower end of the tube) to 3 pullies which are fixed on a bracket on the right hand upper corner of the board, and laps over a small barrel; the handle o f which is placed so, that when the observer is seated on a Chair looking into the telescope, the right hand may, by turning the handle right or left about, give the perpendicular motion to the telescope.
Care should be taken not to go below the Horison, else the pullies will be overstrained, nor going beyond the Zenith else the strings will slip out of the pully's.
At the bottom of the tube is a small Flap, (on which the mirror is to rest,) having at the side a small friction roller to make the tube pass smoothly over the board.
The Mirror is kept with its cover on, in a box along with the eye pieces. When observations are to be made, bring the tube to an horizontal situation and open the flap at the lower end of the tube by drawing out the pin with which it is fastened; then take off the cover of the Mirror and place it in the tube home, against 3 small screws; then shut the flap and secure it by putting the pin through its hinge. In the flap is a Butten-screw, which must be screwed in or out just to keep the mirror in its proper position but not too tight.
Then uncover the tube and take off the cap of the small speculum-which is always to remain in the tube-great care must be taken not to touch the mirror by a finger; nor to bend the arm which holds the speculum, which would disorder its adjustment. The safest way is to pass your left hand into the tube and draw off the cap and by raising the hand a little bring it out at the side of the spec. arm.
Then take off the cap which is on the brass Slider and screw on the Brass double eye piece, and looking in at any object adjust your focus by turning the milled knob on the slider till you see the object best.
The Finder is perhaps not perfectly adjusted, but this is of no great consequence, as long as the object to be viewed can be seen in the field of the telescope.
For the preservation of the Mirrors it is necessary to cover them up after observations are finished immediately, and this should be done before the telescope is brought from a cold to a warmer temperature, as else they would be covered with dew, which dare not be wiped off as this would destrew the figure of the m irror; but if this by chance should happen at anytime to have dust upon it must lay open till it is evaporated, and if in time some dust should have settled on the large Mirror it should be removed by blowing it off, or wafting it away with a clean cambric kerchief.
Memorandum, I would advise: that when for the first time the Telescope is to be used, Mr. Hohenbaum would have the goodness to see that the adjustment of the small Mirror &c &c is in order. And at the same time take notice how the great Mirror is to be put in the Tube and taken out again after observations have been made; And how to take off & put on the capsel of the small speculum. Mr. Hohenbaum has kindly promised me to do so if applied to for mine & my favorits sake.
